Introduction
There is evidence that ATPase plays a contributory role in providing energy for the active transport of cations across the cellular membranes of kidney (C harnoc k, and Post, 1963 (C harnoc k, and Post, , K insol v in g, et al., 1963 (C harnoc k, and Post, ), brain (S k o u, 1960 and muscle (S c h w art z, and Laester, 1964) . S k o u (1960) and Post et al. (1960) discussed in detail the relationship of the cation transport and Na-K-ATPase (EC 3, 6, 1, 3) which was activated by sodium in the presence of magnesium and potassium and inhibited by certain cardiac glycosides.
Generally, W a c h s t e i n-M e i s e l's (1957) method for histochemistry has been used by many workers for the electron microscopic demonstration of ATPase (R o s t g a a r e, and B e h n e k, 1965, Peter, and Nakao, 1966) . However, addition of sodium, potassium and calcium or ouabain to media used in conventional methods does not influence enzyme activity (B o n t i n g, et al., 1962 al., , No v i k of f et al., 1961 . In order to clarify the mechanism of cation and water transport in the subcellular level of kidney, it is necessary to clearly demonstrate the fine structural localization of Na-K-ATPase activity by histochemical method.
We have attempted to study the localization of Na-K-A TPase and K-dependent neutral phosphatase which may have a correlation with Na-K-ATPase, by approximate assay system used in the biochemical study of enzymes. In this study, histochemical and electron-microscopic methods, including fixation, substrate, buffer, freezing, sectioning of materials and incubating mixtures, were investigated.
Materials and Methods
The cortex of the kidney of adult male guinea pigs was used for this study. a) Substrate ATP disodium salt was refined to tris-ATP form through Dowex-50 resin column. The p-nitrophenylphosphate (PNPP) disodium salt was also refined to tris form by b) Fixation and washing In order to remove the cation from fixative solution, glutaraldehyde 1% solution in 0.1 M tris-cacodylic acid were prepared. Cortex of kidney was fixed at 4°C for 10 min. in this solution (pH 7.2, adjusted) .
Solution prepared at 4°C is stable for 30 min. After fixation, the materials were washed and stored at 0°C for 2 hours in 0.44 M sucrose. c) Section Materials were frozen by isopentane cooled with dryice-acetone for enzyme testing.
Frozen sections of 20-50 p thickness were cut with a cryostat at -20°C. For comparsion with frozen section, sections of 30-50 p thickness were cut with an automicrochopper which avoids freezing of materials. d) Rewashing The sections were washed 3 times within 3 hours in distilled water in the cold room. e) Buffer The cation free buffers used for incubating medium were trismaleic acid buffer, tris-acetate buffer and tris-HC1 buffer. f) Incubating mixture The following incubation media were prepared.
Final concentration (1) Mg. K. ATP. Pb.* (2 mM. 10 mM. 2 mM. 1.5 mM) (2) Mg. K. Na. ATP. Pb.* (2 mM. 10 mM. 100 mM. 2 mM. 1.5 mM) Na-K-ATPase(3)Mg.K.Na.ATP.(2mM.10mM.100mM.2mM.
Ouabain. Pb.* 8 x 10-5M. 1.5 mM) (4) Mg : ATP, 3 mM : 3 mM were also tested.
*tris-maleic acid buffer 20 mM . final pH of medium, 7.2 1(5) Mg. PNPP. Pb.** (2 mM. 5 mM. 1.5 mM) (6)M g. K. PNPP. Pb.** (2 mM. 10 mM. 5 mM. 1.5 mM) K-phosphatase (7) Mg. K. Na. PNPP. Pb.** (2 mM. 10 mM. 100 mM. 5 mM. 1.5 mM) L(8) Mg. K. PNPP. Pb.
(2 mM. 10 mM. 5 mM. 1.5 mM. Ouabain.** 8x 10-5M.) **tris-maleic acid buffer 20 mM .
final pH of medium, 7. 8 Mg., K. and Na. were used as chloride Other sections were incubated in substrate lacking medium. g) Incubating time and temperature The materials were incubated for 10-15 min. at 35°C. h) Subsequent procedure For light microscopy, the materials fixed by 1% glutaraldehyde (tris-cacodylic acid, pH 7.2) solution for 10 min. at 4°C were frozen by isopentane cooled with dryice-acetone and were cut 10-20 p thick with the cryostat at -20°C. Floating sections were washed with distilled water and incubated with reaction mixture. After incubation, sections were washed two times in distilled water and stained with ammonium sulfide solution.
Sections 30-50 p thick of fixed tissues frozen by isopentane cooled with dryice-acetone prepared for electron microscopic study were compared with 50 p non-frozen sections prepared by an automicrochopper. After incubation, sections were washed with 0.44 M sucrose and refixed in 0s04 for 1 hour and embedded in Epon 812 as usual. Materials embedded with epoiy resin were cut to 2p thick and floated on distilled water containing 2% ammonium sulfide and stained with toluidine blue. Such sections were used for definite orientation of the tissues and for examination of the distribution of reaction products in whole layer of kidney.
Results
In terms of morphological preservation, good results were obtained when the cation-omitted fixative solution (glutaraldehyde 1% solution in 0.1 M tris-cacodylic acid) was used and the materials were sectioned without freezing by automicrochopper. Frozen sections were less satisfactory for structural preservations.
Using the tris form ATP as substrate, satisfactory result in subcellular localization was obtained. Before incubation, sections were washed 3 times within 3 hours by distilled water in the cold room. This washing procedure was attempted because enzymatic activities are stimulated by water suspension. Particle size of PbPO4 formed under the several kinds of buffer (tris-maleic, tris-acetate, tris-HC1) was checked and trismaleic acid was used in following experiments, because particle size was the smallest in this case. Maximum enzymatic activity was obtained when concentration of Pb in reaction mixture was 1.5 mM and when a fall of Pb concentration less than 1.5 mM gave rise to diffusion artifacts from reaction products.
Light microscopic finding Reaction products appeared in glomeruli, small capillaries and cell membranes of proximal or distal tubule cells in the 2nd medium. In 1st and 3rd media, reaction products were observed similarly on glomerulus and small capillaries.
Reaction products on cell membrane of the proximal tubule cell were markedly reduced.
K-dependent neutral phosphatase (6th medium) activity appeared almost in correspondence to Na-K-ATPase (2nd medium).
Electron microscopic finding Reaction products of the 2nd medium were present as fine granules on infolding of basal cell membranes and on cell membranes facing proximal ( Fig. 1) and distal convoluted tubules of the cortex.
On the high power view of cell membrane, reaction products were localized in contact with the inner leaflet of membrane surface (Fig. 2) . When sodium was omitted from the incubation mixture (1st medium, Fig. 3 ), reaction products localized on the infolding of the basal plasma membrane were eminently reduced. Moreover, reaction products localized on the inner aspect of the plasma membrane of the proximal convoluted tubules appeared markedly discontinuous. With the addition of ouabain (8 x 10-5M) to the incubation mixture, the reaction products were eminently reduced in the basal intussusception of the proximal tubule cells (Fig. 4) . K-dependent neutral-phosphatase (6th medium) activity was present approximately in correspondence to Na-K-ATPase (2nd medium) reaction (Fig. 5) .
Discussion
W a c h s t e i n-M e i s e 1 medium had no effect on enzymatic activity upon addition of sodium, potassium and ouabain.
In regard to this, Nov i k of f et al., (1961) pointed out that the solvency of lead ion in incubating medium was due to their high concentration. 1.5 mM of the lead ion within the incubation medium (final concentration) was preferred for inhibition of enzymatic activity by lead ions and effects of sodium, potassium and ouabain.
S k o u (1957) maintains
that Na-K-ATPase is most activated by sodium ions in the equivalent concentration of Mg and ATP. Histochemically, however, 3 mM of ATP (S k o u recommended)
gives rise to the risk of artificial diffusion of final products. In this study ATP 2 mM, Mg 2 mM, K 10 mM, and Na 100 mM are tested.
ATP 3 mM and Mg 3 mM exhibited greater sodium activation but diffusion artifacts of final products occurred with violence.
Final concentration of ATP 2 mM and same amount of Mg in the medium gave the most satisfactory result on artificial diffusion (Fig. 1) . Recently, non-enzymatic hydrolysis of nucleoside phosphate by lead ions was claimed by R o s e n t h a I, et al. (1966) . No v i k of f (1967) also maintained that activities of non-enzymatic hydrolysis of lead ions were prevented by incubation of a short period and by low temperature.
For prevention of non-enzymatic hydrolysis, the authors determined the incubation time at 15 min. and incubation temperature at 35°C. It is said that activity of Na-K-ATPase increases biochemically by treatment with detergent (S k o u, 1962) or water suspension (B on tin g, et al., 1963) , and a similar effect by water suspension has been obtained by immersing the non-frozen section for 3 hours in distilled water.
Reports of the biochemical existence of high levels of the Na-K-ATPase in microsome fraction of the kidney cortex have been published by several workers (K i n s o 1 v i n g, and P o s t, 1963, W h i t t a m, and W h e e l e r, 1961). The effect of Na and ouabain on Na-K-ATPase activity in the proximal convoluted tubule cells at the fine structural level (Fig. 3, 4) was clearly demonstrated by this method and indicated that this method can detect Na-K-ATPase.
Finally, it is worthy of mention that the localization of K-dependent neutral phosphatase (Fig. 5 ) corresponded fairly well with the presence of Na-K-ATPase in the plasma membrane of the proximal convoluted tubule cells in its transport mechanism function (N a g a i , et al., 1966) .
Summary
An attempt was made to clearly localize Na-K-ATPase and Kphosphatase in guinea pig kidney by lead precipitation method. Best results for histochemical demonstration of Na-K-ATPase and K-phosphatase activities were obtained when the materials were incubated with the following mixtures : ATP 2 mM in tris form, Mg 2 mM, K 10 mM, Na 100 mM, Pb 1.5 mM and tris-maleic buffer 20 mM or PNPP 5 mM in tris form, Mg 2 mM, K 10 mM, Pb 1.5 mM and tris-maleic 
